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ABSTRACT

Under natural conditions, most parturient cows seek
visual cover or seclude themselves from the herd when
calving becomes imminent. Studies on calving site
selection of dairy cows housed indoors show that predominantly older and dominant cows calve in secluded
areas. This study aimed to investigate whether cows
distance themselves further from herd members under
spacious outdoor conditions and whether artificial
hides on a pasture motivate cows to seek visual isolation from the herd. One hundred eighty-two Danish
Holstein cows were allocated to 1 of 13 groups of 14
cows according to expected calving date. In 2 paddocks
(each 75 × 150 m), 5 zones (75 m × 30 m) were defined;
zone 0 contained the feeding and shade area, and zone
4 bordered an area with trees. Weekly and according to
calving date, a group of 14 cows was moved either to a
paddock that had 12 hides distributed evenly throughout zones 1 to 4 (7 groups) or to a paddock without
hides (6 groups). The hides were wooden structures (3.3
m long × 1.0 m wide × 1.2 m high) that the cows could
hide behind. One hundred seven cows calved within 14
d of having been moved to the paddock, and 82 of these
(38 primiparous and 44 multiparous), and their calves,
were included in the study. From 3 h before until 3 h after calving, the location, posture, and behavior of cows
were recorded continuously from video recordings. In
addition, location, posture, and behavior of the calves
were recorded for the first 3 h after birth. Continuous
variables were analyzed by linear mixed effects models,
whereas binary data were analyzed using mixed effects
logistic regression. The presence of hides did not affect
selection of calving location in the paddock, but more
primiparous than multiparous cows calved in zone 4;
that is, furthest away from the feeding area. Before
calving, primiparous cows were more likely to be positioned in zone 4 and less likely to approach and contact
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herd members. After calving, primiparous cows and
their calves tended to be more likely to be positioned in
zone 4. The more cows present in the paddock, the less
likely the cows were to isolate (i.e., be further than 30
m away from any other cow) at the time of calving. In
addition, the more cows in the paddock when a calf was
born, the less time these calves spent in a lying posture.
The results show that primiparous cows move further
away from herd members at calving than multiparous
cows and suggest that primiparous cows prefer to isolate themselves through distance rather than seeking
artificial cover. Contrary to expectation, the hides did
not make more cows select a calving site away from the
feeding area.
Key words: maternal behavior, parturition, cow–calf
contact, herd members, bonding
INTRODUCTION

There is growing public concern about the early separation of cow and calf in dairy production (Ventura et
al., 2013; Cardoso et al., 2017) and increasing interest in
finding ways to allow maternal behaviors and in keeping cow and calf together for weeks or months (Johnsen
et al., 2016). Prepartum maternal behavior includes
the selection of a suitable calving site. A review of the
literature suggests that parturient cows often leave the
herd before birth when kept in large natural environments, whereas cows kept on open pasture without any
trees or bushes rarely do so (Rørvang et al., 2018a).
A safe and undisturbed calving site where cow and
calf can stay together after calving allows the cow to
groom, nurse, and bond with her calf within the first
hours after birth, which is a prerequisite for successful
dam-rearing of calves. The reason for the difference in
isolation seeking between cows in a natural area and on
open pasture may be that if there are no suitable hiding
places that can offer protection from predators, cows
prefer to calve within the protection of the herd.
Recent research, where opportunities to seek seclusion were provided in outdoor areas (Zobel et al., 2020)
or indoor group pens (Creutzinger et al., 2021), showed
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that a low space allowance can compromise isolationseeking behavior. Furthermore, in indoor group pens
combined with adjacent individual calving pens (allowing isolation around the time of calving), dominant
cows were more likely to calve in an individual pen
than subordinate cows (Rørvang et al., 2018b), which
emphasizes the effect of competition on access to secluded areas.
Studies of calving site selection and early maternal
behavior have focused primarily on indoor calving
facilities. When housed indoors, dairy cows given the
opportunity to stay with their calves after calving spent
over 50% of their time licking and sniffing the calf in
the first hour after birth (Jensen, 2012). However, multiparous (but not primiparous) cows that gave birth in
group pens spent 24% less time licking their calves in
the 6 h after calving compared with those kept in individual pens (Edwards, 1983), likely due to disturbance
from other cows. In addition, approximately 30% of
calves born in group pens were nursed by cows other
than their mother, a behavior termed “mis-mothering”
(Edwards, 1983; Illmann and Spinka, 1993). In indoor
group pens combined with adjacent individual pens, in
which cows could seek isolation, the mis-mothering rate
was lower when calves were born in an individual pen
than when calves were born in the group pen (Jensen et
al., 2019), illustrating that calving in a secluded place
helps the cow nurse and bond with her own calf.
When kept in a semi-natural environment, primiparous cows moved further away from the herd at calving
than did multiparous cows (Lidfors et al., 1994). Furthermore, among cows with access to 2.1 ha of pasture,
most primiparous cows calved in an area with tall grass
and trees surrounding the perimeter at the far end
of the pasture, whereas most multiparous cows calved
inside a shed where feed was also provided (Edwards et
al., 2020). Thus, calving site selection may depend on
parity and access to resources, emphasizing the importance of studying both parity groups and the location
of resources. A review of periparturient behavior of
wild and domesticated ungulates suggests that cows
are indeed motivated to find an undisturbed place to
calve, where they are protected from predators as well
as herd members (Rørvang et al., 2018a). In addition,
Rørvang et al. (2018a) suggest that both distance
and visual cover are important for the cows’ selection
and that the two factors may, in part, substitute each
other. For instance, if a cow cannot find visual cover,
she may distance herself further from herd members.
However, this has not been investigated to date. Nor
has it been investigated whether parity affects distance
from the herd at calving in outdoor environments with
and without access to visual cover.
Journal of Dairy Science Vol. 105 No. 7, 2022

Cows are attracted to locations with tall vegetation
but artificial hides may offer a more flexible solution in
dairy production. In a study by Edwards et al. (2020),
artificial hides placed on open pasture could not compete with the far end area of the pasture with tall grass
and nearby trees or a straw-bedded barn. However, if
neither natural cover nor a barn is provided, artificial
hides may be attractive calving sites.
The research objectives of this study were to determine (1) whether primiparous cows distance themselves
further from herd members than multiparous cows
around the time of calving, (2) whether artificial hides
on a pasture motivate cows to seek visual isolation from
herd members and to calve further away from the feeding area, and (3) whether artificial hides allow cows to
spend more undisturbed time with their calf, enabling
more maternal behavior.
MATERIALS AND METHODS
Animals, Management, and Experimental Design

The experiment was conducted on a commercial organic dairy farm in Jutland, Denmark. One hundred
eighty-two Danish Holstein cows [54 entering their first
parity (primiparous) and 50, 46, and 32 entering their
second, third, and fourth parity, respectively (multiparous)] were enrolled in the experiment in 13 groups of
14 cows with at least one primiparous cow per group
(6, 1, 2, 4, 3, 7, 6, 4, 4, 7, 4, 3, 3 for groups 1 to 13,
respectively). Cows were moved from the same group
of dry cows to the experimental paddock during the
period from mid-June to late September 2019. Every
week on a fixed weekday (Tuesday), a group of 14 cows
(at least 6 d from expected calving) were moved to 1 of
2 paddocks (each 150 m × 75 m; Figure 1), either with
or without hides. Poles along the sides of each paddock
marked 5 rows (0, 1, 2, 3, and 4) and 3 columns (A, B,
C for paddock 1 and D, E, F for paddock 2; Figure 1),
forming 12 squared areas. For groups 1, 3, 5, 7, 10, and
12, there were no hides in the paddock; for the other
groups, hides were present. In one of the paddocks
(paddock 1 for groups 2, 4, 6, and 8 and paddock 2 for
groups 9, 11, and 13), a hide was placed centrally in
each of the 12 areas. The hides were 3.3 × 1.2 × 1.0 m
(width × height × depth; Figure 2). They were custommade from wooden boxes and placed such that all sides
of the hide were solid. Thus, the hides were wooden
structures functioning like a barrier that the cows could
hide behind. The 2 experimental paddocks were fenced
by electric fence. Around each paddock (Figure 1), 12
cameras with infrared light (model DS-2CD2055FWD-I
2.8 mm; HIK Vision) were fitted on 2.5-m-high poles.
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Figure 1. An illustration of the 2 experimental paddocks of 150 m × 75 m each. Markings and signs along the long sides (rows 0, 1, 2, 3, 4)
and the short sides (columns A, B, C, and D, E, F, respectively) of the paddocks defined 15 rectangular areas. For the first 8 groups, paddock
1 was equipped with 12 hides, evenly distributed throughout rows 1, 2, 3 and 4, whereas paddock 2 had no hides. After the first 8 groups of
cows, hides were moved to paddock 2. In both paddocks, TMR (F), water (W), and a shade (S) were placed in row 0. Hides (-) and cameras
fitted on 2.5-m-high poles (•) are indicated.

At one end of each paddock, zone 0, a feed trough, a
water trough, and a shade [a custom-made wagon (5
× 3.5 × 2 m; width × height × depth) with a tarpaulin attached (5 × 4 m)] were placed. Water and
TMR were provided twice daily for ad libitum access.
Although the cows grazed the sward in the paddocks,
their primary food source was a TMR. The other end of
the paddocks bordered an area with various deciduous
trees, but the cows could not reach any of these trees
through the fence.
Between 3 and 6 h after calving, cow and calf were
removed from the paddock and placed in an individual
maternity pen in a nearby building. Thus, the number
of cows present in the paddock declined over the course
of the experiment (number of cows in the paddock when
the last cow was calving were 3, 6, 5, 6, 7, 3, 6, 6, 7, 2,
4, 6, and 9 for groups 1 to 13, respectively). After each
calving, barn staff removed any visible remains of the
amniotic sac and placenta when moving the cow and
Journal of Dairy Science Vol. 105 No. 7, 2022

Figure 2. An illustration of the hides. Hides were 3.3 × 1.2 × 1.0
m (width × height × depth) wooden structures that the cows could
hide behind.
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calf from the experimental paddock. Cows that had not
calved within 14 d in the experimental paddock were
moved to a maternity pen in a nearby building.
Experimental Animals and Observations

Experimental Animals. One hundred seven of
the 182 cows calved within 14 d of being moved to an
experimental paddock. However, 25 of these cows were
excluded from the data for one of the following reasons:
cow being not visible on the video recordings due to
dark night hours (n = 9), dirt or insect on the video
lens (n = 4), power failure (n = 2), the time of calving
could not be detected due to cow calving behind shade
or hide (n = 6), the cow escaped through the fence
before calving (n = 1), or the cow was moved by the
staff before calving (n = 3). Thus, the 3 h before calving and the time of calving were available on video for
82 cows [37 primiparous (18 with and 19 without hide)
and 45 multiparous (21 with and 24 without hide)].
After calving, behavior was not recorded for 6 cow-calf
pairs due to dystocia or stillbirth (n = 5) or for a calf
being moved by staff immediately after calving (n =
1), leaving 76 cows (35 primiparous and 41 multiparous
cows). For the calves, video data were available for 70
animals because 6 calves (all born to multiparous cows)
could not be located on the video for the majority of

the observation periods (due to being located behind
the feed or water trough, being located in the shade or
behind a hide, or being located in the tall grass between
the 2 paddocks).
Choice of Calving Location and Behavior Before and After Calving. From the video recordings,
the exact calving time (when the hips of the calf were
fully expelled from the cow) and the calving location
(1 of the 12 areas) were recorded for each cow. Furthermore, we recorded the posture and behavior (Table 1)
of each cow during the 3 h before and 3 h after calving,
as well as the location, posture, and behavior (Table
1) of each calf during the 3 h after birth. All locations,
postures, and behaviors were recorded continuously using focal animal sampling (Bateson and Martin, 2021).
The duration of time each animal spent performing each
of the recorded behaviors was calculated in minutes for
the 3 h before and the 3 h after calving, respectively.
The duration of time each animal spent in each of the
rows of the pasture (hereafter, zones 0, 1, 2, 3, and 4)
was also calculated.
Statistical Analysis

The experimental treatment was applied to cow
group (i.e., group was the experimental unit). All data

Table 1. Posture and behavior of cows recorded during 3 h before calving and 3 h after calving as well as the posture and behavior of calves
recorded during 3 h after birth
Item
Cow posture
Upright
Lying
Cow behavior
Sniffing or licking own calf
Contacts another cow
Being contacted by
  another cow
Nothing, or other activity
Invisible
Isolated
Calf posture
Upright
Lying
Calf behavior
Suckle mother
Suckle alien cow
Being contacted by an
  alien cow
Nothing, or other activity
Invisible

Description
The focal cow is standing still, or walking, and at least 3 legs are supporting the body
The focal cow is lying on her sternum with all 4 legs bent and the head raised or rested on body or surface,
or the cow is lying flat on one side with legs stretched and the head resting on the surface
While upright, the focal cow’s muzzle, or tongue, is in physical contact with, or close to, the head or body
of her calf
While upright, the focal cow’s muzzle is in contact with, or close to, another cow’s body, or the cow is
pushing the forehead with force to body, or head, of another cow
While focal cow is lying, or upright, an alien cow’s muzzle is in contact with, or close to, the focal cow’s
head or body, or an alien cow is forcefully pushing its forehead toward the body or head of the focal cow
The focal cow is inactive or performing any other behavior than the ones described above
The focal cow is positioned behind a physical structure (shade, trough, or hide) or another cow
The focal cow is positioned >30 m away from any other cow
The focal calf is standing (body supported by at least 4 legs for at least 5 s) or walking
The focal calf is lying on chest with head raised or rested on body or surface, or the calf is lying flat on one
side, or the calf is attempting to stand (partially upright with hind legs extended and at least one front leg
bent underneath the body)
While upright, the focal calf is positioned close to the standing focal cow (mother) with the head located
under the mother cow’s body
While upright, the focal calf is positioned close to the standing alien cow with the head located under the
alien cow’s body
While focal calf is lying, or upright, an alien cow’s muzzle is in contact with, or close to, the focal calf’s
head or body, or the alien cow is forcefully pushing its forehead toward the body or head of the focal calf
The focal calf is inactive or performing any other behavior than the behavior described above
The focal calf is hidden by a physical structure (shade, trough, or hide), the dam, or another cow
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were collected on individual cows, and cow was the
observational unit.
Choice of Calving Site. The effect of treatment
(hide or no hide) on calving location (zone 0, 1, 2, 3,
4) was analyzed using Fisher’s Exact test. The effect of
parity group (primiparous or multiparous) on calving
location (zone 0, 1, 2, 3, 4) was also analyzed using
Fisher’s Exact test.
Behavior and Position Before and After Calving. Lying time before (cows) and after calving (for
cows and calves), the duration of sniffing or licking own
calf, and the duration of calves sucking their mother
met the assumptions of normal distribution and were
analyzed using a linear mixed model (PROC MIXED,
SAS version 9.4; SAS Institute Inc.). The models included treatment (hide or no hide), parity group (primiparous or multiparous), and the 2-way interaction
between treatment and parity group as fixed effects.
The number of herd members at the paddock at the
time of calving [(2, 3, 4, …, 13), median 10; interquartile range 7 to 12] was included as a covariate, whereas
group (1, 2, 3, …, 13) was included as a random effect. Denominator degrees of freedom were calculated
using the Kenward-Roger approximation, which may
result in different denominator degrees of freedom for
different variables. Where a significant interaction between treatment and parity group was found, pairwise
post hoc comparisons were corrected using the Tukey
method.
The duration of time contacting an alien cow (cow),
being contacted by an alien cow (cow and calf, respectively), and sucking an alien cow (calf) had many zero
observations, and these variables were transformed into
binary variables. In addition, the duration of time being in zone 0, zone 1, zone 2, zone 3 and zone 4, and
being isolated, before and after calving, respectively,
had many zero observations, and these variables were
also transformed into binary variables. All binary variables were analyzed with mixed logistic regression using
GLIMMIX (binominal distribution and logit link). The
models included the same effects as the models for lying time and duration of sucking the mother described
above.
In all analyses, significance was declared when P <
0.05, and tendencies were considered when 0.05 ≤ P <
0.10.

Figure 3. Percentage of cows calving in each of the 5 zones for
cow calving in a paddock with hides present (black) and without any
hides present (white), respectively. No significant effect of the presence
of hides was found. Zone 0 contained feed, water, and shade, whereas
zone 4 bordered an area with trees.

miparous than multiparous cows calved in zone 4, and
fewer primiparous than multiparous cows calved in
zone 1 (P < 0.05; Figure 4). Of the 18 cows calving in
zone 0 (22%), 8 cows calved in the area where feed and
water was placed.
Behavior Before Calving

The presence of hides did not affect cow behavior
or the likelihood of observing the cows in any of the 5
zones (Table 2). Regardless of whether artificial hides
were present, primiparous cows were more likely to be
in zone 4 than multiparous cows (Table 3). In addition,
preparturient cows tended to spend more time in zone
0 during the 3 h before calving when fewer cows were
present on the paddock (F1,77 = 3.16; P = 0.08).
The likelihood of a cow contacting another cow within the last 3 h before calving was not affected by the
presence of hides, but it was higher among multiparous
compared with primiparous cows (Table 3). The likelihood of the cow being contacted by another cow at any
time during the last 3 h before calving was not affected

RESULTS
Choice of Calving Site

The presence of hides did not affect the choice of
calving site (P < 0.18; Figure 3). However, more priJournal of Dairy Science Vol. 105 No. 7, 2022

Figure 4. Percentage of cows calving in each of the 5 zones for primiparous (dark gray) and multiparous cows (light gray), respectively.
A significant effect of parity was found. Zone 0 contained feed, water,
and shade, whereas zone 4 bordered an area with trees.

Jensen et al.: CALVING SITE SELECTION ON PASTURE

Table 2. The effect of hides on behavior of dairy cows during 3 h before calving
Hides
Item

No hides

Mean

95% CL

Mean

95% CL

ndf1

82.1

63.0–101

67.3

48.1–86.6

1

Posture
Lying duration2
Behavior
Contacts another cow3
Being contacted by another cow3
Isolated3
Placement
Zone 0 (feed area)3
Zone 13
Zone 23
Zone 33
Zone 4 (far end)3

ddf1

F

P-value

9.4

1.68

0.225

0.61
0.74
1.18

0.21–1.72
0.22–2.47
0.55–2.54

0.45
1.07
1.71

0.16–1.28
0.32–3.61
0.81–1.28

1
1
1

12.7
9.9
9.8

0.21
0.19
0.60

0.658
0.672
0.455

1.53
2.62
1.64
1.35
1.68

0.25–9.50
0.91–7.53
0.68–3.98
0.69–2.66
0.82–3.48

0.51
2.38
1.67
1.91
2.01

0.07–3.55
0.84–6.75
0.70–3.99
0.99–3.67
1.00–4.02

1
1
1
1
1

8.1
8.4
8.0
774
774

0.91
0.04
0.01
0.55
0.13

0.367
0.841
0.996
0.460
0.722

1

ndf = numerator degrees of freedom; ddf = denominator degrees of freedom.
Least squares means (min/3 h) and 95% confidence limits (CL) are given.
3
Odds estimates are given by exponential back transformation of least squares means and 95% confidence limits (CL).
4
The random effect of group could not be estimated and the effect of hide is tested against the residual error.
2

by hides or parity. No interaction between hides and
parity was found for any of the variables.
Behavior After Calving

After calving, cows in a paddock with hides tended
to lie down less than cows in a paddock without hides
(Table 4). Multiparous cows tended to have longer lying times than primiparous cows (Table 5). In addition, multiparous cows spent more time in zone 1 than
primiparous cows, whereas primiparous cows tended to
spent more time in zone 4 than multiparous cows (Table
5). The more herd members in the paddock at the time
of calving, the less likely we were to observe the cow
being isolated (β = −0.2241; F1,71 = 4.78; P = 0.03).

Finally, we detected a treatment × parity interaction
for the duration of cows sniffing or licking their own
calf (F1,70 = 5.47; P = 0.02; Figure 5); however, none
of the pairwise comparisons were significantly different.
For the calves, the likelihood of an alien cow contacting the calf tended to be higher among calves born in
a paddock with hides (Table 4), but we found no effect
of hides on the likelihood of sucking an alien cow or the
duration of sucking the mother (Table 4). In addition,
calves of multiparous cows tended to be more likely to
be in zone 1 and tended to be less likely to be in zone
4 than calves of primiparous cows (Table 5). The treatment × parity interaction for the duration of calves
sucking the cow tended to be significant (treatment ×
parity interaction: F1,65 = 3.46; P = 0.07; Figure 6).

Table 3. The effect of parity on behavior of dairy cows during 3 h before calving
Primiparous
Item
Posture
Lying duration2
Behavior
Contacts another cow3
Being contacted by another cow3
Isolated3
Placement
Zone 0 (feed area)3
Zone 13
Zone 23
Zone 33
Zone 4 (far end)3

Multiparous

Mean

95% CL

Mean

95% CL

ndf1

ddf1

F

P-value

69.8

53.9–85.6

79.7

64.1–95.1

1

74

0.99

0.324

0.28
0.71
1.57

0.11–0.72
0.26–1.86
0.78–3.18

0.97
1.13
1.29

0.43–2.20
0.44–2.91
0.66–2.49

1
1
1

77
77
77

5.25
0.74
0.17

0.025
0.391
0.681

0.91
2.05
1.69
2.14
3.73

0.22–3.70
0.88–4.79
0.79–3.62
1.06–4.33
1.69–8.26

0.85
3.05
1.62
1.20
0.91

0.21–3.46
1.28–7.30
0.78–3.36
0.65–2.22
0.49–1.66

1
1
1
1
1

77
77
77
77
77

0.02
0.49
0.02
1.50
7.97

0.900
0.488
0.897
0.224
0.006

1

ndf = numerator degrees of freedom; ddf = denominator degrees of freedom.
Least squares means (min/3 h) and 95% confidence limits (CL) are given.
3
Odds estimates are given by exponential back transformation of least squares means and 95% CL.
2
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The more cows in the paddock at the time of calving,
the less time the calf spent lying during the first 3 h
after birth (β = −3.6125; F1,62 = 4.98; P = 0.03).
DISCUSSION

In this experiment, we aimed to study whether primiparous cows distanced themselves further from herd
members than multiparous cows around the time of
calving. We found that around the time of calving,
more primiparous than multiparous cows were positioned at the end of the paddock, which was furthest
away from the location where feed, water, and shade
were provided. Primiparous cows also contacted herd
members less than multiparous cows during the last
3 h before calving and tended to lie down less during
the first 3 h after calving. Second, we aimed to study
whether artificial hides on a pasture motivated cows to
seek visual isolation from herd members and to calve
further away from the feeding area. Contrary to expectation, the hides did not affect the cows’ position in
the paddock. Third, we aimed to investigate whether
artificial hides allowed cows to spend more undisturbed

time with their calf, enabling more maternal behavior. We found that multiparous cows that calved in a
paddock with hides tended to perform more maternal
behavior. However, irrespective of parity group, cows
in a paddock with hides tended to lie down less after
calving, and their calves tended to be contacted more
by herd members.
Effect of Parity

We expected that primiparous cows would distance
themselves more from the herd compared with multiparous cows, and this expectation was largely confirmed
by the results. More primiparous than multiparous
cows calved in the zone furthest away from the zone
where feed was provided, whereas more multiparous
cows calved in the zone closest to the zone where feed
was provided. This might be due to multiparous cows
having a higher energy demand than primiparous cows
and therefore preferring to remain closer to their main
feed source (TMR), despite also being able to graze the
sward in the paddock. In other words, the multiparous
cows may experience too great a cost of moving away

Table 4. The effect of hides on behavior of dairy cows and calves during 3 h after calving
Hides
Item

No hides

Mean

95% CL

Mean

95% CL

ndf1

ddf1

F

P-value

21.55

11.5–31.7

34.76

24.6–44.9

1

10.8

4.17

0.066

61.12
0.21
1.14
1.80

51.4–70.9
0.07–0.65
0.58–2.23
0.87–3.74

57.97
0.23
0.90
2.51

48.1–67.9
0.08–0.68
0.48–1.70
1.19–5.33

1
1
1
1

9.3
11.7
714
714

0.42
0.01
0.22
0.36

0.535
0.937
0.644
0.551

0.81
0.95
0.56
0.34
0.46

0.20–3.22
0.46–1.96
0.22–1.42
0.16–0.75
0.22–0.62

0.34
0.57
0.37
0.52
0.62

0.08–1.52
0.29–1.12
0.14–0.97
0.27–1.02
0.31–1.24

1
1
1
1
1

8.7
714
10.6
714
714

0.80
1.18
0.47
0.73
0.33

0.396
0.281
0.506
0.395
0.567

Cow
Posture
  Lying duration2
Behavior
   Sniff or lick own calf2
   Contacts another cow3
   Being contacted by another cow3
  Isolated3
Placement
   Zone 0 (feed area)3
  Zone 13
  Zone 23
  Zone 33
   Zone 4 (far end)3
Calf
Posture
  Lying duration2
Behavior
  Sucking mother2
   Sucking alien cow3
   Being contacted by an alien cow3
Placement
   Zone 0 (feed area)3
  Zone 13
  Zone 23
  Zone 33
   Zone 4 (far end)3
1

96.6

79.6–113.5

95.9

78.7–113.1

1

7.9

0.00

0.957

26.5
0.46
2.87

19.0–34.0
0.19–1.13
0.97–8.45

22.6
0.32
0.74

15.1–30.0
0.13–0.81
0.26–2.10

1
1
1

10.3
9.6
10.6

0.73
0.39
4.03

0.413
0.549
0.071

0.41
0.70
0.53
0.24
0.47

0.11–1.48
0.24–2.04
0.20–1.37
0.10–0.60
0.22–1.03

0.31
0.40
0.34
0.49
0.60

0.08–1.15
0.13–1.21
0.13–0.91
0.24–0.97
0.30–1.18

1
1
1
1
1

8.2
7.1
7.8
654
654

0.13
0.77
0.54
1.49
0.19

0.726
0.408
0.482
0.227
0.664

ndf = numerator degrees of freedom; ddf = denominator degrees of freedom.
Least squares means (min/3 h) and 95% confidence limits (CL) are given.
3
Odds estimates are given by exponential back transformation of least squares means and 95% CL.
4
The random effect of group could not be estimated and the effect of hide is tested against the residual error.
2

Journal of Dairy Science Vol. 105 No. 7, 2022

Jensen et al.: CALVING SITE SELECTION ON PASTURE

Table 5. The effect of parity on behavior of dairy cows and calves during 3 h after calving
Primiparous
Item
Cow
Posture
   Lying duration (min/3 h)2
Behavior
   Sniff or lick own calf2
   Contacts another cow3
   Being contacted by another cow3
  Isolated3
Placement
   Zone 0 (feed area)3
  Zone 13
  Zone 23
  Zone 33
   Zone 4 (far end)3
Calf
Posture
  Lying duration2
Behavior
  Sucking mother2
   Sucking alien cow3
   Being contacted by an alien cow3
Placement
   Zone 0 (feed area)3
  Zone 13
  Zone 23
  Zone 33
   Zone 4 (far end)3

Multiparous

Mean

95% CL

Mean

95% CL

ndf1

ddf1

F

P-value

22.44

13.5–31.4

33.87

24.9–42.8

1

69.8

3.90

0.052

62.78
0.15
1.03
2.92

54.46–71.1
0.05–0.44
0.52–2.01
1.30–6.57

56.32
0.32
1.00
1.55

48.0–64.6
0.13–0.77
0.53–1.88
0.79–3.03

1
1
1
1

69.7
71
71
71

1.98
1.35
0.00
1.57

0.163
0.250
0.979
0.214

0.54
0.44
0.39
0.49
0.86

0.18–1.67
0.21–0.91
0.17–0.90
0.24–1.01
0.43–1.71

0.51
1.24
0.53
0.36
0.33

0.17–1.56
0.64–2.37
0.24–1.19
0.17–0.75
0.16–0.69

1
1
1
1
1

71
71
71
71
71

0.00
4.28
0.36
0.32
3.80

0.985
0.042
0.552
0.572
0.055

100

86–114

93

78–107

1

64

0.68

0.413

26.13
0.58
1.39

19.7–32.6
0.26–1.28
0.57–3.40

22.92
0.25
1.52

16.3–29.6
0.10–0.61
0.61–3.76

1
1
1

64.9
65
65

0.95
2.25
0.04

0.332
0.139
0.848

0.36
0.31
0.30
0.33
0.82

0.13–1.0
0.12–0.79
0.12–0.71
0.14–0.74
0.41–1.63

0.35
0.89
0.60
0.36
0.34

0.12–1.03
0.37–2.16
0.26–1.39
0.16–0.81
0.16–0.75

1
1
1
1
1

65
65
65
65
65

0.00
3.32
1.52
0.05
2.93

0.966
0.073
0.222
0.819
0.092

1

ndf = numerator degrees of freedom; ddf = denominator degrees of freedom.
Least squares means (min/3 h) and 95% confidence limits (CL) are given.
3
Odds estimates are given by exponential back transformation of least squares means and 95% CL.
2

from the main food source to calve away from the herd.
The cows calving in the zone furthest away from the
feeding zone appeared to move there some time before
calving, as primiparous cows were more likely to be
positioned in the zone furthest away from the feeding
zone during the 3 h before calving. Also, after calving,
primiparous cows and their calves tended to be more
likely to be positioned in the zone furthest away from

the feeding zone. The results suggest that primiparous
cows prefer to isolate themselves through distance and
that primiparous cows were more motivated to isolate,
as they were also less likely to contact herd members
before calving, regardless of the presence of hides.
An alternative explanation for why multiparous
cows seemed less likely to seek isolation before calving
than primiparous cows could be social dominance. The

Figure 5. The duration of sniffing and licking own calf [least
squares means and 95% confidence limits (CL)] by primiparous and
multiparous cows that are in a paddock with hides present (dark gray)
and without any hides (light gray), respectively.

Figure 6. The duration of sucking the mother cow [least squares
means and 95% confidence limits (CL)] by calves born to primiparous
and multiparous cows calving in a paddock with hides present (dark
gray) and without any hides (light gray), respectively.
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choice of isolating or staying in the herd at calving
is a balance between avoiding disturbance from herd
members and avoiding predation (see review by Rørvang et al., 2018a). If multiparous cows are dominant
and capable of chasing other cows away, or otherwise
preventing them from interfering with the calving
and bonding processes, it may be less necessary for
multiparous cows to move away to avoid disturbances
from herd members, and they may be able to stay in
the herd at calving. Other studies have found that
primiparous cows distance themselves more at calving than multiparous cows. Lidfors et al. (1994), for
example, found that primiparous Finn cows kept in a
20-ha wood area moved further away at calving than
multiparous cows. More recently, among Holstein cows
in a 2.1-ha pasture, more primiparous cows calved in
an area with tall grass, furthest away from the barn
where feed and water were provided, compared with
multiparous cows (Edwards et al., 2020). We did not
determine dominance rank among the 14 cows in each
group in this study, but primiparous cows are smaller
and typically subordinate, which may also explain the
choice of calving site. On the other hand, all cows are
vulnerable during the last stage of calving and unable
to actively avoid disturbances. To our knowledge, there
are no studies relating dominance to distance to the
herd when calving outdoors, and we encourage studies
on the effect of dominance on calving site selection.
Effect of Hides

We expected artificial hides on a pasture to increase
motivation to seek visual isolation and to select a
calving site away from the feeding area; however, this
expectation was not supported by our findings. Hides
did not affect where in the paddock cows calved, which
means that cows chose equally to calve in each of the
5 zones irrespective of whether the paddock had hides
or not. We hypothesized that the artificial hides would
be perceived by the cows as visual cover that would enable them to keep hidden from herd members without
having to move to the far end of the paddock. In contrast to this, cows that calved in a paddock with hides
tended to be contacted more by other cows and tended
to spend less time lying during the 3 h after calving
compared with cows calving in a paddock without
hides. In an individual calving pen, Holstein cows spent
70 min lying down during the first 3 h after calving
(Jensen, 2012), whereas the cows in the present study
spent only 22 and 35 min lying down with and without
hides, respectively. Edwards (1983) found that the time
that cows were lying while the calf was standing was
halved among cows calving in group pens compared
Journal of Dairy Science Vol. 105 No. 7, 2022

with cows calving in individual pens. Thus, the tendency to be contacted more by herd members likely
explains the tendency to lie down less among cows in a
paddock with hides in the present study.
We expected that the artificial hides would enable
cows to keep hidden from herd members and allow them
to display more maternal behavior. However, the data
do not support either of these expectations. One reason
for cows with hides being contacted more by other cows
after calving may be that the newly calved cow did not
detect an approaching cow in time to remove herself
and the calf due to the artificial hide being solid (see
discussion of solid hides vs. natural vegetation below).
We did not record the proximity of cows and calves
to the artificial hides, but this information may have
helped in explaining the observed behavior. However,
the lack of effect of artificial hides led to the conclusion that the simple artificial hides used in the present
study did not provide attractive seclusion opportunities
for cows around the time of calving. One limitation
of the study is that some of the cows were not visible
on the video-recording at the time of calving due to
dark nights or because of their location behind shade
or hides. Recording behavior outdoors is a challenge,
which may be solved using more advanced technology
in future studies.
Selected birth sites in other ungulate species may
have natural visual cover of various types, ranging
from a slight topographical change to a dense cover of
trees and bushes (see review by Rørvang et al., 2018a).
Vegetation provides another quality of cover compared
with the wooden barriers of the present study because
vegetation can hide the cow, without blocking her view
of the surroundings; that is, a venetian blind effect
(Newberry and Shackleton, 1997). The solid wooden
boxes used in the present experiment did not allow a
good view of the paddock, which may have motivated
cows to stand more to be prepared to protect their
offspring. Blocking the cow’s visual field may also have
prevented the calving cow from detecting an approaching cow and thus help explain why cows that calved in
a paddock with hides tended to be contacted more by
other cows. Artificial hides with a venetian blind effect
may provide both cover and control of the visual field.
Future research should investigate which aspects of a
hide are important to cows and which types of hides
provide the most attractive calving sites.
A cover in the form of an overhang may also make a
secluded area more attractive, as suggested by Lidfors
et al. (1994). The zone furthest away from the feed
area bordered an area with trees in the present study.
Whether this vegetation made the far end area more
attractive cannot be assessed based on this study. Fu-
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ture research should investigate whether an overhang
is an important aspect of cover on pasture. Natural
cover at pasture can also provide shade to cows, regardless of calving seclusion, and availability of shade
is an important welfare concern for ruminants at pasture. Considering novel propositions for more resilient
mixed-farming systems, in particular the inclusion of
trees in dairy production pastures, studying the impact
of trees as “shelter” in the context of mother–young
bonding would be valuable.
Effect of Number of Cows in the Paddock

The space allowance was 800 m2 per cow before any
of the cows had been removed (i.e., when there were 14
cows in the paddock). Cows (and calves) were removed
from the paddock once they had calved, and the number
of cows present in the paddock at the time of calving
decreased over time within each group. The more cows
in the paddock at the time of calving, the fewer cows
were observed further than 30 m away from any other
cow during the 3 h after calving. The paddock of the
present study (150 × 75 m) may simply have been too
small to allow for natural isolation seeking, because in a
1,200 × 900 m pasture, cows separated, on average, 560
m from the feed area for calving (Flörcke and Grandin,
2014). That more cows were closer than 30 m to other
cows may also have affected the calves: the more cows
present in the paddock at the time of calving, the less
time that calves spent lying down.
CONCLUSIONS

Primiparous cows moved further away from herd
members at calving, which suggests that these cows
preferred to isolate themselves through distance rather
than by using the artificial hides provided in this study.
The artificial hides provided did not affect calving site
selection. Thus, these hides did not appear to provide
a preferred calving site enabling cows to seclude from
herd members at calving. Future research should investigate which aspects of outdoor hides are important to
cows.
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